Abstract. Angiotensin II receptor blockers (ARBs) are widely used as hypertensive therapeutic agents. In addition, studies have provided evidence that ARBs have the potential to inhibit the growth of several types of cancer cells. It was reported that telmisartan (a type of ARB) has peroxisome proliferatoractivated receptor (PPAR)-γ activation activity. We previously reported that the PPAR-γ ligand induces growth arrest in human urological cancer cells through apoptosis. In this study, we evaluated the effects of telmisartan and other ARBs on cell proliferation in renal cell carcinoma (RCC), bladder cancer (BC), prostate cancer (PC) and testicular cancer (TC) cell lines. The inhibitory effects of telmisartan and other ARBs (candesartan, valsartan, irbesartan and losartan) on the growth of the RCC, BC, PC and TC cell lines was investigated using an MTT assay. Flow cytometry and Hoechst staining were used to determine whether the ARBs induced apoptosis. Telmisartan caused marked growth inhibition in the urological cancer cells in a dose-and time-dependent manner. Urological cancer cells treated with 100 µM telmisartan underwent early apoptosis and DNA fragmentation. However, the other ARBs had no effect on cell proliferation in any of the urological cancer cell lines. Telmisartan may mediate potent anti-proliferative effects in urological cancer cells through PPAR-γ. Thus, telmisartan is a potent target for the prevention and treatment of human urological cancer.
Introduction
Angiogenetic factors play key roles in urological as well as other types of cancer. In recent years, the expression of angiogenic factors in solid human tumors has been widely reported (1) . Growth factors secreted by tumor cells, such as fibroblast and transforming growth factors, increase neovascularization in vivo and in vitro (2) . Studies have demonstrated that peroxisome proliferator-activated receptor (PPAR)-γ ligands inhibit the growth of cancer cells in vitro and in vivo (3) . PPAR-γ, a nuclear hormone receptor, provides a strong link between lipid metabolism and the regulation of gene transcription (4) . PPAR-γ acts in the adipose tissue and promotes lipogenesis under anabolic conditions. Recently, the receptor has also been implicated in inflammation and carcinogenesis. Significant evidence from many experimental systems suggests that PPAR-γ plays an important role in carcinogenesis.
Angiotensin II is known as a key biological peptide in the renin-angiotensin system, which regulates blood pressure and renal hemodynamics, and angiotensin II receptor blockers (ARBs) are widely used as anti-hypertensive drugs (5) . It is well known that angiogenesis is essential for tumor progression and metastasis (6, 7) . Several studies have shown that angiotensin II induces neovascularization and that ARBs inhibit vascular endothelial growth factor (VEGF) production (8, 9) . Benson et al discovered a structural resemblance between telmisartan (a type of ARB) and a PPAR-γ ligand approved for the treatment of type II diabetes, and reported that telmisartan has PPAR-γ action (10) .
Our previous research revealed the expression of PPARs in human urological cancers and investigated the administration of PPAR-γ ligands as an anti-cancer therapy (11) (12) (13) (14) (15) . With this background, the present study aimed to evaluate the inhibitory effect of telmisartan on human renal cell carcinoma (RCC), bladder cancer (BC), prostate cancer (PC) and testicular cancer (TC) cell lines, and to determine whether telmisartan induces apoptosis in such cells. 
Telmisartan inhibits human urological
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Annexin V and propidium iodide staining. The effects of telmisartan and the other ARBs (candesartan, valsartan, irbesartan and losartan) on the urological cancer cells were determined by dual staining with Annexin V-FITC and propidium iodide (PI) using the Annexin V-FITC Apoptosis Detection kit I (Biosiences Pharmingen). Annexin V-FITC and PI were added to the cellular suspension as per the manufacturer's instructions, and a sample fluorescence of 1.0x10 4 cells was analyzed by flow cytometry conducted with FACScan (Becton Dickinson, Heidelberg, Germany).
Annexin V-FITC-positive and PI-negative cells were identified as early apoptotic. Annexin V-FITC-positive and PI-positive cells were identified as late apoptotic or necrotic.
Identification of DNA fragmentation. An assay was performed using the TdT-mediated dUTP Nick End Labelling (TUNEL) method using the Apo-Direct™ kit (Becton Dickinson). Following the experiments, the urological cancer cells in suspension (1.0x10 6 /ml) were fixed with 1% PBS, washed in PBS and suspended in 70% (v/v) ice-cold ethanol, then stored in ethanol at -20˚C until use. Positive and negative controls and the sample were stained with FITC-dUTP by incubation in terminal deoxynucleotidyl transferase buffer as per the manufacturer's instructions, and sample fluorescence of 1.0x10 4 cells was analyzed by flow cytometry (Becton Table I . Dose-dependent effects of angiotensin II receptor blockers (ARBs) on the viability of human urological cancer cell lines. Detection of apoptosis. DNA chromatin morphology was assessed using Hoechst staining. The urological cancer cells were incubated with 100 µM telmisartan and the other ARBs for 24 h. Cells were washed with RPMI-1640 and labeled with 8 mg/ml of Hoechst 33342 (Sigma-Aldrich japan K.K., Tokyo, japan) for 10 min; PI (Sigma-Aldrich japan K.K.) was added (10 mg/ml final concentration), and the cells were examined by fluorescence microscopy.
Results
Telmisartan-induced growth inhibition in urological cancer cells determined by MTT.
To investigate the effects of telmisartan and the other ARBs on RCC, BC, PC and TC cell proliferation, we analyzed cell viability in vitro using a modified MTT assay.
Telmisartan induced a reduction in cell viability with a half-maximal concentration of growth inhibition in the urological cancer cell lines (Table I) in the range of 25-100 µM (Table I) . Furthermore, in cells counted on days 1, 2 and 3, Table II Human urological cancer cell lines were treated with telmisartan (100 µM) for 3 days. Cell numbers were determined on days 1, 2 and 3, and expressed as the % of cells under control culture conditions. Telmisartan arrested the growth of all the urological cancer cell lines. marked inhibition of cell proliferation using 100 µM of telmisartan was clearly visible (Table II) . Telmisartan arrested the growth of all the urological cancer cells. However, the other ARBs had no effect on cell proliferation in any of the urological cancer cell lines (Table I) .
Telmisartan-induced apoptosis in urological cancer cells determined by flow cytometry.
To evaluate whether or not the cell death induced by telmisartan and the other ARBs was achieved through apoptosis, flow cytometry was used (Fig. 1) . Treatment with 100 µM telmisartan induced early apoptosis in almost all the urological cancer cell lines. At a concentration of 100 µM, telmisartan induced DNA fragmentation in all the urological cancer cell lines ( Fig. 2A-F) . In contrast, the other ARBs did not induce DNA fragmentation in the urological cancer cells (data not shown).
Effect of telmisartan on the induction of apoptosis in urological cancer cells.
To evaluate whether or not the cell death induced by telmisartan was due to apoptosis, we evaluated the chromatin morphology of the urological cancer cells using Hoechst 33342 staining. All the urological cancer cells treated with telmisartan showed significant chromatin and cytoplasmic condensation, cellular shrinkage and small membrane-bound (apoptotic) bodies, while the urological cancer cells treated with the other ARBs did not show any of the above characteristics. The former showed cellular changes that were typically common characteristics of apoptosis (Fig. 3A-F) .
Discussion
ARBs have been synthesized and available for the treatment of hypertension since the 1990s (16, 17) . More recently, angiotensin II has been found to promote tumor growth and angiogenesis, and ARBs have been considered a significant anticancer and anti-angiogenesis therapeutic option (18) . (19) , RCC (20, 21) , breast cancer (22) , BC (23) and PC (24) , have been reported to express the angiotensin II receptor, and various studies have investigated the anti-tumor effects caused by the anti-angiogenesis of ARBs. Some researchers have demonstrated that candesartan (a type of ARB) inhibited the production of VEGF, one of the most potent and specific angiogenic factors, and decreased the growth of PC (24,28). Kosaka et al (24) found that a specific ARB suppressed VEGF production, resulting in reduced tumor angiogenesis and slower progression of PC in a tumor xenograft model. Concerning other tumor types, Kosugi et al (23) demonstrated that candesartan prevented the pulmonary metastasis of RCC and BC by inhibiting tumor angiogenesis through the suppression of VEGF in a xenograft model. Uemura et al (27) reported that, upon administering candesartan clinically to PC patients with hypertension, the level of prostate-specific antigen declined and the performance status of the patients improved. However, they also reported that candesartan had no effects on tumor growth in vitro, and did not detect apoptosis. Based on their in vitro and in vivo experiments, they suggested that the anti-tumor effect of ARB is not a result of direct toxicity or apoptotic induction, but of its anti-angiogenic effect.
The present study showed that candesartan and the other ARBs (except telmisartan) did not induce a reduction in cell viability and early apoptosis in urological cancer cells. Only telmisartan induced a reduction in cell viability with a half-maximal concentration of growth inhibition, and early apoptosis and DNA fragmentation in urological cancer cells.
Benson et al discovered a structural resemblance between telmisartan and pioglitazone, a PPAR-γ ligand approved for the treatment of type II diabetes. They found that telmisartan, not only blocks the angiotensin II receptor, but also activates PPAR-γ. Telmisartan functioned as a moderately potent selective PPAR-γ partial agonist, activating the receptor to 25-30% of the maximum level achieved by the full agonists pioglitazone and resiglitazone (10) .
PPARs are members of the nuclear receptor superfamily of ligand-activated transcriptional factors such as steroids, thyroid hormones, vitamin D3 and retinoic acid. PPAR binds to the peroxisome proliferator response element as a heterodimer with the retinoic receptor in the regulation of PPAR target genes. PPARs are considered important immunomodulatory factors as well as fatty acid regulators. PPARs modulate these activities in different immune cell types, such as monocytes/ macrophages, lymphocytes and endothelial cells (28).
PPAR-γ is expressed at a high level in adipose tissue and is a critical regulator of adipocyte differentiation. It is also expressed in the immune system, the spleen, monocyte bone-marrow precursors and helper T-cell clones, and in chondrocytes, synovial and bone tissues. Data have indicated that PPAR-γ ligands lead to the inhibition of phorbol esterinduced nitric oxide and macrophage-derived cytokines, such as tumor necrosis factor-α, interleukin-1β and interleukin-6, chemokines and adhesion molecules, in part by antagonizing the activities of transcriptional factors (29) . It has been demonstrated that thiazolidinedione (a specific ligand for PPAR-γ, a new class of anti-diabetic medication) regulates the differentiation of cancer cells (30) , and that nuclear-acting prostanoids including 15-d-PGj2 are potent activators of the PPAR-γ receptor isoform (31, 32) . 15-d-PDj2 induces apoptosis in macrophages, endothelial and choriocarcinoma cells (33) (34) (35) , and thiazolidinedione induces fibroblast apoptosis (4) .
We previously reported that PPAR-γ is strongly expressed in urological cancer tissues. The extent and intensity of PPAR-γ expression in urological cancer tissues were greater than in normal urological tissues. PPAR-γ ligands strongly induced early apoptosis in urological cancer cells as determined by flow cytometry and Hoechst staining (11) (12) (13) (14) (15) . In this study, only telmisartan had a direct toxicity through apoptosis. Thus, telmisartan may mediate potent anti-proliferative effects against urological cancer cells through PPAR-γ. However, in our study, that dose was not clinically achievable. Further studies are needed to extend the use of telmisartan to clinical trials for the treatment for human urological cancer.
